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Study on Retention Force of Temporary Luting Material Made from
PEMA and Anethole in Provisional Fixed Partial Denture
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　　Purpose：In the system using provisional fixed partial dentures (PB), retention 
force of PEMA and Anethole-based temporary luting material (Pa) was compared with 
those of commercial temporary luting materials.
　　Methods：PBs were attached to stainless steel dies, which simulated abutment 
teeth for mandibular posterior, using commercial polycarboxylate temporary luting ma-
terials or Pa. Then tensile adhesion tests were performed under a static condition (Im-
mersion in distilled water at 37℃ for 7 days) and after two dynamic conditions (thermal 
cycles or three-point repeated loading tests). Repetitive luting capability of Pa were also 
examined.
　　Results：Under a static condition and after three-point repeated loading tests, Pa 
showed significantly greater retention force. on the other hand, after the thermal cycles, 
there were no significant differences between the two types of material. In addition, in 
the cases of using Pa, there were no cracks or fractures of PB. In the tests of repetitive 
temporary luting, 2nd, 3rd and 4th times were equivalent to 1st time. However, for the 
4th time, the margin of PB was distorted. 
　　Conclusions：It was confirmed that Pa offers sufficient retention force and better 
usability due to stress-buffering and shock-absorbing capabilities.
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Figure 1  Abutment dies made of stainless steel







( )゚ Finish Line Code
5  7.50  8.66 5.00 10 Champfer P2
6 11.71 11.05 － － － M1
7 11.22 10.78 5.00 10 Champfer M2
( 2 )
















































Figure 2   Fabricator designed and manufactured for 
production of PB
　This fabricator was designed so that 100µm space 
created between PB and abutment dies.








Figure 3   Chemical structures of Polyethylmethacrylate 
(PEMA) and Anethole
Table 2  Components and powder to liquid ratios of  temporary luting materials used

















PEMA-Anethole PolyethylMethacrylate Anethole 2.0 Pa
( 3 )















つまり，PB から Pa を除去することが困難であ
ると考えられるため，再度または複数回，アネトー
 








Figure 4  Temporary luting of PB to abutment dies
　White arrow indicates the position of the remover 
between P2 and M1. Black arrow indicates the position 
of the remover between M1 and M2.









Figure 5  Three-point repeated loading tests
　The test jig tips imitated a cusp, both of which were 
set to have the same sphericity.





































Figure 6  SEM observation images of various cured temporary luting materials
PA
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Table 3  Result of two-way ANOVA in retention force of a static condition
Source s.s. d.f. m.s. Fo　 p　
Type of temporary luting materials 312095 2 156048 54.051 0.000
Sites bridge remover was applied 5016 1 5016 1.737 0.200
Interaction 3065 2 1532 0.531 0.595
Residual error 69289 24 2887
Sum total 389465 29





























Figure 7   Retention force of PB set by various temporary luting 
materials in a static condition
　There is no significant difference between the same capital 
alphabets, and there is a significant difference between different 
capital alphabets. The same interpretation applies to lower case 
alphabets. In addition, these p values in the figure are results of 
Mann­Whitneyʼs U tests.














Figure 8  Destructions of PB after tensile adhesion tests
　　　　　(a) fracture         (b) crack
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を行った。








を １ 実 験 群 当 た り の 試 料 数 を 考 慮 し Mann-















　各種仮着材硬化体の SEM 像を Figure 6に示す。
いずれの硬化体においても未溶解粉末の核および
周囲が粉末表面の溶解物で構成された有核構造が





Table 4  Result of two-way ANOVA in retention force after 100 times of thermal cycles
Source s.s. d.f. m.s. Fo　 p　
Type of temporary luting materials 38937 2 19468 2.972 0.070
Sites bridge remover was applied 21049 1 21049 3.214 0.086
Interaction 24347 2 12174 1.859 0.178
Residual error 157201 24 6550
Sum total 241534 29



























P2 and M1 M1 and M2
between between
Figure 9   Retention forces of PB set by various temporary luting 
materials after 100 times of thermal cycles
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示す。Ts および Th と比較して Pa は有意に高い
保持力を示した（p<0.05）。M1­M2間にブリッジ
リムーバーを適用した Th では PB の M1近心に
60% の試料で破折が生じ，残り40% は亀裂が生
じた（Figure 8）。また，M1­M2間にブリッジリ





















バーを適用した Pa は Ts および Th と比較して
有意に高い保持力を示したが，P2­M1間にブリッ
Table 5  Result of two-way ANOVA in retention force after 500 times of three-point repeated loading tests
Source s.s. d.f. m.s. Fo　 p　
Type of temporary luting materials 279896 2 139948 27.534 0.000
Sites bridge remover was applied 5795 1 5795 1.140 0.296
Interaction 18801 2 9400 1.849 0.179
Residual error 121984 24 5083
Sum total 426476 29




























P2 and M1 M1 and M2
between between
Figure 10   Retention forces of PB set by various temporary luting 
materials after 500 times of three-point repeated loading tests
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ジリムーバーを適用した Th はそれ以外の実験群
との有意差は認められなかった。M1­M2間にブ
リッジリムーバーを適用した Th では PB の P2
近心および中央それぞれ20% の試料で亀裂が生
じた。また，M1­M2間にブリッジリムーバーを
























Table 6  Result of two-way ANOVA in retention force of repetitive temporary luting by Pa
Source s.s. d.f. m.s. Fo　 p　
Number of temporary luting 11292 3 3764 0.393 0.759
Sites bridge remover was applied 11085 1 11085 1.157 0.290
Interaction 22710 3 7570 0.790 0.508
Residual error 306556 32 9580
Sum total 351643 39
s.s. : Sum of squares　　d.f. : Degree of freedom　　m.s. : Mean square　　Fo : F value　p : p value






















P2 and M1 M1 and M2
between between
Figure 11   Number of repetitive temporary luting and the retention 
force of PB set by Pa
　These p values in the figure are the results of Mann­Whitneyʼs U 
tests.
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解 PEMA を核として，PEMA 表面がアネトール
により溶解され，線状分子がマトリックスを形成
する有核構造を呈する（Figure 6）。しかしながら，















るが，Ts および Th はいずれも粉末が酸化亜鉛
であり熱膨張率はステンレス鋼よりやや小さい値






した場合，Ts および Th では各材料の相互作用
において，PB とセメントは機械的嵌合と van 

















 Figure 12  Distortions of PB 
　　　　　White arrows









Figure 13   Schematic diagram of the stress during 
tensile adhesion tests
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Ts および Th はステンレス製支台金型においては
非貴金属元素と接着が生じると言われている39,40)。
しかしながら，PB の材料である PMMA とは化
学的な接着を生じない16) とされ，機械的投錨効果
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